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Armed with the instruments which science knows 
best how to use, these selfless six thousand have al- 
ready saved unnumbered lives, ships and planes. 
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with the finest precision optical instruments. Their 
work is coordinated by a scientific high command, 
the O.S.R-D. They wear no uniforms nor medals, 
but work tirelessly for the triumph of Freedom. 
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THE MORPHOGENESIS AND SIGNIFICANCE OF DEGENERATIVE 
VERRUCAL ENDOCARDIOSIS (TERMINAL ENDOCARDITIS, 
ENDOCARDITIS SIMPLEX, NONBACTERIAL 
THROMBOTIC ENDOCARDITIS) * 


ArtHur C. ALLEN, Capt., M.C., A.U.S., and Jonas H. Sirota, Capt., M.C., A.U.S. 


(From the Army Medical Museum, Institute of Pathology, Washington, D.C., and the 
Laboratories of The Mount Sinai Hospital, New York, N. Y.) 


This paper is concerned with a lesion of the cardiac valves which has 
been variously labeled terminal endocarditis, marantic thrombosis, 
nonbacterial thrombotic endocarditis, endocarditis simplex, thrombo- 
endocarditis cachectica, etc. The valvular lesion has long been treated 
with a diffidence considered appropriate for a condition having no 
clinical significance. The alteration has been regarded simply as a 
bland thrombus deposited from the blood within a cardiac chamber 


onto a normal or thickened valve, the surface of which is either intact 
or superficially degenerated."° The cause of the condition has not 
been established but investigators have inconclusively implicated a 
variety of factors, including toxins, abnormal metabolism and a ter- 
minally sluggish circulation. 

A minority point of view opposing the thrombotic concept began to 
take form when Neumann,° in 1896, indicated that the thrombotic 
excrescence was in reality degenerated valvular collagen which histo- 
logically simulated fibrin. He therefore applied the term “fibrinoid” 
to this substance. Several years later (1903), KOniger* conceded that 
the base of these excrescences was probably degenerated collagen but 
maintained that their major portion consisted of thrombotic deposits. 
Koniger’s has remained the prevailing concept. 

In 1939, in a discussion incidental to an elucidation of the mechanism 
of localization of vegetations of bacterial endocarditis,’ attention was 
called to the valvular genesis of the verrucae of “terminal endocardi- 
tis.” Repeated observations over the past 6 years have fortified the im- 
pression that these verrucae are not accretions of thrombotic material 
deposited onto valves but rather that they are composed of material 
derived from the valve itself. It is our opinion that this material con- 


* Received for publication, January 10, 1944. 
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sists primarily and predominantly of swollen, degenerated valvular 
collagen with occasionally an admixture of varying amounts of plasma 
and blood-cellular elements which have exuded from the valvular ves- 
sels. Furthermore, we submit that the determination of the morpho- 
genesis of these lesions is not a mere academic nicety inasmuch as we 
feel that they constitute the first stage in the sequence of events leading 
to the development, in many cases, of bacterial endocarditis.* Because 
of this concept of the relationship of “terminal” to bacterial endo- 
carditis it seems important to try to clarify certain histologic details 
and to integrate seemingly discordant facts into a unified, comprehen- 
sible picture. It is with this aim that we have undertaken a systematic 
study of the basic endocardial lesion generally designated as “terminal 


endocarditis.” 
MATERIALS AND METHODS 


There were available for study the clinical histories, gross specimens 
and microscopic preparations of 66 cases in which there was no evi- 
dence of bacterial endocarditis or of acute rheumatic carditis. Of 
these, 50 cases had active lesions of “terminal” endocarditis; the re- 
mainder were examples of healed lesions. The criteria for evaluating 
activity are outlined below. Multiple sections from each heart were 
examined and, in certain indicated instances, six sections were taken 
according to the procedure of Gross, Antopol and Sacks.® However, 
in every case, sections of the base of the heart (M.V.P.)* were in- 
cluded.7 

The tissues were fixed in a 20 per cent Formalin (8 per cent formal- 
dehyde) solution except for one case in which Zenker’s solution was 
used. The stains included hematoxylin and eosin, the Mallory-Heiden- 
hain azocarmine, Mallory’s phosphotungstic acid hematoxylin, van 
Gieson’s combined with Weigert’s, and the silver stains of Wilder and 
of Bielschowsky as modified by Foot. In addition, the lesions of 3 
cases were subjected to serial digestion with trypsin following which 
they were treated with van Gieson’s stain. In three instances, serial 
sections 6m thick were cut. 


FINDINGS 


Relationship to Malignant Tumors. “Terminal endocarditis” has 
been considered to be associated with patients dying of malignant tu- 
mors. In our small series, such neoplasms were present in 28 per cent 


*M.V.P. = Mitral valve posterior. 

+ In this connection, Gross’s own investigation ° indicates that the incidence of Aschoff 
bodies in rheumatic hearts could have been determined from the examination of the two 
sections from the base of the heart only, inasmuch as no additional cases with Aschoff 
bodies were discovered by the study of the four remaining sections. 
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of 50 cases (Table I). This incidence appears strikingly high and yet, 
in the general autopsy material of the hospital, 23 per cent of 2000 
patients died with malignant tumors. If there were no selection of 
patients with malignant growths by terminal endocarditis, cancers 
would be expected to occur with the same frequency in our 50 endo- 
cardial cases as in the general post-mortem material, namely, 23 per 
cent. This was essentially true inasmuch as the difference between 28 
and 23 per cent is so small that when subjected to the X* test of 
statistical significance, a positive correlation between patients with 
malignant tumors and those with “terminal endocarditis” was not dem- 


Tasie I 
Cause of Death in 50 Unselected Cases of “Terminal Endocarditis” (Active) 


Cause of death No. of cases 
Acute and subacute glomerulonephritis .............. 2 
Acute suppurative pyelonephritis .................... 2 


onstrated. Additional information of the same order would have been 
furnished by the converse data; namely, the comparative incidence 
of “terminal endocarditis” among a large series of patients with cancer, 
pneumonia, glomerulonephritis, and other conditions. These data are 
not available at present. 

Association with Acute Diseases. Of great significance is the fact 
that these endocardial lesions are found in persons who have died after 
an illness of only a few days’ duration; for example, in patients dying 
of pneumonia or following a recent operation (Table I). In other 
words, the lesion does not require the background of a long, wasting 
disease. Furthermore—and this is of great importance—the lesion may 
accompany diseases which are by no means always fatal. That 
is to say, inasmuch as “terminal endocarditis” occurs in patients with 
pneumonia, nephritis, and other diseases which often are not fatal, it 
is reasonable to presume that “terminal endocarditis” may occur during 
the course of diseases which the patients may survive for years. This 
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fact is of prime concern in connection with the subsequent superimposi- 
tion of bacterial endocarditis, a point which will be elaborated further,‘ 

Age and Sex Incidence. In this small series, 70 per cent of the cases 
of “terminal endocarditis” occurred in persons above the age of 4o 
(Table IL). This does not indicate a selectivity for the older age 
group inasmuch as 67 per cent of all those in the general autopsy 
material of the hospital were in the same age group. The difference 
between 70 and 67 per cent is not statistically significant. Similarly, 
46 per cent of our cases occurred in females and 54 per cent in males. 
The corresponding distribution of sexes in our autopsy population is 


TaBLe II 

Age Distribution of “Terminal Endocarditis’ (Active) 

Decade No. of cases 
I-10 I 
11-20 
21-30 2 
31-40 5 
41-50 8 
51-60 II 
Above 60 years 16 
Total 50 


41 and 59 per cent respectively. The difference between these sets of 
figures, again, is not beyond the range of chance variation as deter- 
mined by the X° test. 

In summary, it appears from an analysis of our material that the 
lesion of “terminal endocarditis” occurs in random distribution at all 
ages and in both sexes as well as in a great variety of diseases, both 
acute and chronic, with possibly a very slight tendency to favor those 
patients with malignant tumors, although statistical proof thereof is 
lacking. 

Distribution of Lesions. In 34 of our 50 active cases (68 per cent), 
the lesions occurred on valves that were thickened by chronic rheu- 
matic valvulitis. In 12 of the remaining cases the valves were moder- 
ately sclerotic but rheumatic cardiac stigmata were absent. The valves 
of 4 cases were apparently normal except for “terminal endocarditis.” 

The distribution of the valvular lesions of “terminal endocarditis” 
parallels fairly closely that observed in rheumatic and bacterial endo- 
carditis. The mitral valve was involved most frequently and with about 
twice the frequency of the aortic valve. The right side of the heart was 
rarely the site of a lesion and, in this series, the pulmonic valve was 
spared. In six instances, lesions were found on two valves of the same 
heart. 
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GROSS EXAMINATION 


It is generally assumed that the lesion of ‘terminal endocarditis” is 
a single, small verruca. However, the lesions may assume a wide range 
of gross patterns, including those of rheumatic and bacterial endo- 
carditis, so that differentiation by inspection may be impossible in some 
instances. In general, the lesions have one of five patterns: 

1. The small univerrucal type. This group consists of lesions that 
are barely visible, or measure up to about 3 mm. in height. They are 
light gray-brown to dark brown and usually firmly attached to the valve 
as if a part thereof rather than a superficial deposit. These are practi- 
cally always found on previously thickened fibrotic valves. They are 
seen characteristically at the line of closure. On the aortic valves, the 
corpora arantii are especially vulnerable, quite as in rheumatic or 
bacterial valvulitis. (The term “univerrucal” is applied also to those 
valves with two or three verrucae in which the lesions are isolated, as 
in Figs. 1 and 2.) 

2. The large univerrucal type. These are tawny, usually very finely 
granular and firmly adherent to the valve proper (Fig. 2). In unusual 
instances, they are so decidedly shaggy as to make gross differentiation 
from bacterial endocarditis a mere guess. In other instances, the sur- 
face may be smooth and the lesion soft and polypoid. This latter form 
is found usually to differ histologically from the preceding type. 

3. The small multiverrucal type. These lesions are about 3 mm. in 
diameter, firmly attached to the valve and arranged in a fairly regular, 
beaded ridge along the line of closure. They may be macroscopically 
indistinguishable from acute rheumatic verrucal endocarditis. As a 
rule, however, they are larger and somewhat more friable than rheu- 
matic verrucae. They may, in some cases, suggest bacterial endocar- 
ditis but their relative regularity, especially over a large span of the 
valve, would militate against this diagnosis. 

4. The large multiverrucal type (Figs. 3 and 4). This is a striking 
lesion composed of soft, friable masses beaded along the line of closure 
for as much as 4 to 5 cm. and measuring up to fully 6 to 7 mm. in 
height. The verrucae may be as large as many of the vegetations of 
bacterial endocarditis, but, unlike them, are characterized by a re- 
markable regularity in size, consistency, color and contour. They may 
be loosely attached to the valve and when removed may expose an endo- 
cardial surface that is only slightly roughened. Such lesions, although 
nonbacterial, are prone to produce emboli. They generally show a 
characteristic histologic picture to be described as the “exudative” type. 

5. Healed type. Inasmuch as “terminal endocarditis” is seen post- 
operatively and in cases of pneumonia, glomerulonephritis, etc.; that is, 
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in diseases not necessarily fatal, it appears plausible that, if the patient 
survives, the verruca formed during the period of illness will either 
resolve or become a fibrous tab or nodule, or a focal, slightly bulbous 
thickening of the edge of the valve. Such changes are found com- 
monly near the free edge of the valves, particularly at the corpora 
arantii (Lamblian excrescences*) or along the adjacent ridge (Figs. 5 
and 6). They are 1 to 5 mm. in length, are covered by smooth endo- 
thelium and have the color and consistency of the valve to which they 
are attached. The “healed” lesions in this study occurred on non- 
rheumatic valves in 11 cases and in 5 instances on valves that showed 
evidence of chronic rheumatic inflammation. 


MICROSCOPIC EXAMINATION 


The histologic patterns of the active lesions appear to fall into two 
principal groups, differentiated primarily by the amount of degener- 
ated collagen present in the verrucae: 


Degenerative Type 


The histologic picture characterizing the degenerative type com- 
monly corresponds to the small or the large, granular, densely adherent 
univerrucal gross type (Fig. 14). It begins as a focus of granular, 
eosinophilic degeneration in the outer layers of the valve, generally 
near the free margin (Fig. 13). As a rule, the auricular surfaces of 
the A-V valves and the ventricular surfaces of the semilunar valves are 
those selected. This alteration may occur without a grossly visible 
change in the contour of the valve and hence is often overlooked, as 
might have possibly occurred in the lesion illustrated in Figure 13. As 
in any other organ, the altered collagen is appreciably more acido- 
philic than the adjacent uninvolved collagen. The original focus en- 
larges and the altered fibers swell and become loosened and fragmented 
to form a mound of degenerated, soggy appearing collagen. Here and 
there, small foci of precipitated serum, fibrin, or platelets are observed, 
as if there had occurred a slight seepage from permeable or eroded 
valvular vessels. Occasionally, several clumps of red blood cells and 
leukocytes of various kinds are present, not only in the verruca, but 
near the verrucal base and obviously within the valve proper. In prac- 
tically all instances of this type there is no abrupt demarcation of the 
verruca from the valve; rather, one observes that the eosinophilic, fi- 
brillar, or granular material of the verruca represents the termination of 
the valvular fibers which fray out into the lesion. To be sure, the 


* Lambl. Papillare Excrescenzen an der Semilunar-Klappe der Aorta. Wien. med. 
Wchnschr., 1856, 6, 244. 
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acidophilic alteration may occasionally be seen in the fibers of the valve 
itself even at a distance from the verruca. With serial sections, it is 
found that this alteration may occur in the fibers well within the valve, 
which may or may not be in continuity with the surface, so that the 
possibility of its representing imbibed thrombotic material from the 
cardiac chamber would seem to be most unlikely. 

With carefully controlled Mallory-Heidenhain stains, there is ob- 
served in some instances ragged, ripped, anuclear, collagenous fibers 
in all parts of the verruca, including its most superficial portion. The 
absence of fibroblasts about such torn, displaced fibers distinguishes 
them from fibers formed as a result of a reparatory process. However, 
fibroblasts and even granulation tissue may be seen in other parts of 
the verruca, especially at its base, but such foci are easily distinguish- 
able from the degenerated areas. The altered fibers stain various shades 
of red, orange, or blue, depending on the degree of degeneration. They 
may resemble fibrin tinctorially but they usually can be distinguished 
by such structural details as sharpness of contour, the irregular, torn 
ends, and often by continuity with a collagenous fiber of the valve 
itself. Indeed, a few foci of fibrin and platelets may be included but 
most of the granular, platelet-like or fibrinoid substance appears to be 
derived from collagen. This altered collagen differs from platelets and 
fibrin, in part by its relative resistance to tryptic digestion, but also by 
its relationship to disintegrating collagenous fibers which shade off fi- 
nally into the granular platelet-like débris. In other words, the granular 
material constitutes an advanced stage of degeneration. One frequently 
observes an identical change in the dermal lesions of granuloma annu- 
lare, for example, or in the subcutaneous rheumatic nodules, in which 
there is no question that the fibrinoid and platelet-like material are 
truly products of altered collagen. This feature is illustrated in Figure 
15. Additional evidence that this material is not fibrin or platelets is 
furnished by silver stains and tryptic digestion. 

Silver Stain. With silver stains by either the Wilder or Foot modifica- 
tion of the Bielschowsky technic one finds that the quantity of argyro- 
philic fibers in the lesions varies considerably. In some lesions, they 
are entirely absent; in others, there are so many closely lamellated 
argyrophilic fibrils that the verrucae appear almost solidly impregnated. 
Usually, one observes foci of irregular, anuclear, fragmented fibers, 
some of which are as fine as reticulum and others fully as thick as 
ordinary collagenous fibers (Fig. 17). The fibers to which we are re- 
ferring are, of course, entirely removed from the reticulin of the granu- 
lation tissue that may be present at the base of the verruca. 

Tryptic Digestion. Unfortunately, there is no stain that will un- 
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equivocally differentiate all forms of altered collagen from fibrin. We 
have therefore made use of the digestion of the lesions with trypsin, a 
procedure dependent on the differential digestive properties of trypsin, 
which were found informative in previous studies on hyaline material in 
tumors,’’ in renal glomeruli "’ and in the investigation of so-called aortic 
thrombi.’ It is known that trypsin digests collagen with difficulty 
whereas, on the other hand, clots of platelets and fibrin are easily di- 
gestible. We, therefore, determined the relative digestibility of the 
substance composing the verrucae. The procedure included placing a 
paraffin section (6 mw thick) of the verruca and a section of blood clot 
on the same slide. Serial sections were placed in a 0.3 per cent solu- 
tion of fresh trypsin alkalinized with 0.03 per cent NasCO, to which 
chloroform had been added as a preservative. The tissues were then 
digested for 1 hour at 37°C., after which a slide was removed approxi- 
mately every half hour for a period of about 3 hours and stained with 
van Gieson’s stain. This time period permitted definite differential 
digestion of the fibrin and platelets, the verrucae, and the valvular col- 
lagen. The order of the rapidity and ease of digestion was as follows: 

1. Fibrin and platelets: early and complete digestion 

2: Verruca: digested partially and at a later period 

3. Collagen of valve: practically undigested during the period of ex- 
posure 
Exudative Type 

The exudative type of verruca occurs relatively uncommonly, having 
been found in about ro per cent of our lesions. These verrucae may 
vary greatly in size but are especially characteristic of the large multi- 
verrucal, soft, friable lesions (Figs. 3 and 4). 

They are made up principally of material that superficially seems 
indistinguishable from serum, platelets and fibrin (Figs. 7 and 8). 
With the Maliory-Heidenhain stain, one may observe in most of them 
several haphazardly arranged, blue, isolated, collagenous fibers, again 
unassociated with fibroblasts and not part of a reparatory process. Simi- 
lar fibers may be seen with silver stains. In addition, these lesions may 
contain a few red blood cells, an occasional focus of polymorphonuclear 
leukocytes, and a few lymphocytes. The components of this type of 
verruca are as a rule arranged in a completely irregular pattern of 
clumps of varying size and do not suggest successive accretions of de- 
posits of thrombi. In each instance there is evidence of fibrinoid degen- 
eration of the valve at the base of the verruca. 

No elastic tissue is found in these lesions. The tryptic digestion fails 
to reveal any noteworthy difference between this type of verruca and 
the fibrin of clots. 


' 


DEGENERATIVE VERRUCAL ENDOCARDIOSIS 1033 


Healed Type 


As stated, this lesion consists of a fibrous tab, nodule or focal colla- 
genous thickening with rarely a few elastic fibers. Such a lesion may 
itself undergo degeneration and become the site of a verruca which is 
practically always of the degenerative type (Fig. 19). In valves thick- 
ened by chronic rheumatic inflammation there are no histologic features 
that distinguish the healed verruca of “terminal endocarditis” from 
that of acute rheumatic valvulitis. 

Cellularity of the Verrucae. In the majority of the verrucae no cells, 
or merely a few shrunken degenerated cells and pyknotic nuclei, are 
present. In most of the remainder, one sees loosely scattered histiocytes 
in addition to the degenerating cells, although, occasionally, clumps of 
polymorphonuclear leukocytes and isolated lymphocytes are seen. In 
many instances a few foam cells, filled apparently with lipoids, are in- 
cluded in the body of the lesion. In one instance the abundance of these 
vacuolated cells well within the verruca presented a striking picture 
(Figs. 10 and 11). Isolated Anitschkow myocytes (myocardial reticulo- 
cytes) were observed in the midst of the fibrinoid material in the body 
of two of the verrucae (Fig. 9). Asa rule, there is greater cellularity in 
the lesion of exudative type than in that of degenerative type (Figs. 7 
and 8). The reaction within the portion of the valve forming the base 
of the lesion was negligible in about one-half the cases but in the re- 
mainder took one of two patterns: (1) In some instances, the normal 
fibrocytes of the valve developed swollen, hyperchromatic nuclei so as 
to resemble newly formed active fibroblasts; (2) in other cases, there 
was an actual increase in number of fibrocytes or fibroblasts arranged 
vertically or obliquely in the direction of the verruca as if some tropism 
were guiding them toward the lesion. Indeed, in several instances, there 
was observed actual palisading of the cells in a pattern indistinguishable 
from that regarded as characteristic of rheumatic valvulitis (Fig. 8). 
In these cases, the reaction was limited strictly to the base of the 
verruca and there was no associated inflammation of the valvular ring 
or interstitial valvulitis. Furthermore, no Aschofi bodies were found in 
any of these cases notwithstanding the use of the method of section 
advocated by Gross.” 

Changes in the Myocardium and Other Organs. Search was made for 
changes in the remainder of the heart and other organs which might 
possibly be related to the valvular lesion. We were especially interested 
in collagenous alterations, vascular lesions and emboli. Focal collage- 
nous granular alterations were found in the walls of small arteries and 
arterioles of the myocardium in 5 cases, each in association with granu- 
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lar verrucae in the lumen at the site of alteration. These granular 
verrucae or “plugs” project into the lumen as knobs or as irregular 
lobulations. They have been variously described as platelet thrombi, 
as swollen, desquamated endothelial cells and as emboli from verrucae. 
They may become organized and canalized. These luminal projections 
have been observed frequently and their occurrence stressed in acute 
disseminated lupus erythematosus and in the entity described by Gross 
and Friedberg® as “nonbacterial thrombotic endocarditis.” Because 
of association with, and apparent emergence from, a site of granu- 
lar degeneration in the vessel wall, they appear actually to be fibrinoid, 
verrucal swellings of portions of the vascular wall.’* 

Occasionally, portions of verrucae, particularly of the more friable 
exudative type, break off to produce infarcts, and, rarely, even a fatal 
encephalomalacia. 

In summary, the lesions of “terminal endocarditis” are observed 
grossly as single or multiple verrucae, or as healed, smooth, projecting 


VEN TR/ICULARIS 


Text-fig. 1. Schematic drawing of the composite features of nonspecific verrucae: 
1 = fragmented, anuclear collagenous and argyrophilic fibers displaced from the valve 
into the verruca; 2 — foam cell; 3 = Anitschkow myocyte; 4 = granular disintegration 
of valvular collagenous fibers; 5 = valvular endothelium which has been raised and 
disrupted by the verruca; 6 = reactive histiocytes; 7 — arteriole; 8 = eroded arteriole; 
9 = granular disintegration of collagen within original limits of valve. 
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tabs, nodules, or focal thickening of valves. Microscopically, they may 
be divided into three types: the degenerative type, consisting prepon- 
derantly of altered, swollen valvular collagen; the exudative type, 
made up of platelets, serum, fibrin and usually a few fragments of dis- 
rupted collagenous fibers; and the healed type representing fibrosis of 
an active verruca. Of these, the type consisting almost entirely of de- 
generated collagen occurs with about ten times the frequency of the 
other form of active verruca. 


CoMMENT 


Morphogenesis 


We have thus far presented the histologic details of the nonbacterial 
verrucae. It is our impression that these observations indicate an origin 
of the verrucae from the valve. That is to say, we regard the verruca as 
a focus of degenerated, loosened, swollen, valvular collagen, occasion- 
ally puffed out with more or less exuded plasma from the permeable 
or eroded vessels of the valve itself. However, those who do not dis- 
tinguish the verrucae from simple thrombi deposited by the blood 
streaming over the valve, maintain that the collagenous and argyrophilic 
fibers on which we have laid much stress are observed in ordinary 
vascular thrombi. They regard the altered verrucal collagen, or fibrin- 
oid, as identical tinctorially with the fibrin of thrombi, and hence 
conclude, in effect, that verrucae and thrombi are not only indistin- 
guishable but represent essentially the same pathogenetic process. 

Verrucae do often closely resemble thrombi in sections stained merely 
with hematoxylin and eosin. Furthermore, collagen and argyrophilic 
fibers, and of course platelets and fibrin, are found in vascular thrombi 
and obviously are not per se peculiar to the verruca. But to conclude 
from this fact that the verruca is a thrombotic deposit is to disregard a 
fundamental distinction between degeneration and repair. It is to be 
emphasized that this distinction may be easily missed in a section 
stained with hematoxylin and eosin, and yet it is on just such routine 
sections that the general concept of the thrombotic nature of verrucae 
is based. The verrucal collagen to which we refer has undergone vari- 
ous degrees of degeneration so that with the hematoxylin and eosin 
stain it appears deeply eosinophilic, anuclear, and occasionally frag- 
mented and granular, thereby closely resembling fibrin and platelets. 
However, this same degenerated camouflaged material may retain 
sufficient tinctorial properties of collagen to reveal its identity with 
appropriate stains. For example, it may show a partial affinity to 
aniline blue as well as to silver (Fig. 17). In other words, with a 


q 

) 


1036 ALLEN AND SIROTA 


differential stain, one may observe a fiber of valvular collagen continue 
up into verruca and within the body of the verruca exhibit a gradual 
loss of affinity for aniline blue and, pari passu, a progressively increased 
azocarminophilia, the latter indicating degeneration of the terminal 
portion of the fiber. The degenerated anuclear fibers may be frag- 
mented, disrupted and scattered to various parts of the verrucae.’* 
This pattern is quite unlike the radiating, more orderly picture of or- 
ganization within a thrombus, be it in a vein, artery, or cardiac cham- 
ber ( Fig. 16). 

The masking of collagen and its argyrophilic derivatives is a com- 
monplace phenomenon which can be observed in a variety of organs; 
e.g., in the degenerated foci of granuloma annulare of the skin, in syno- 
vial degenerations, in Aschoff nodules, etc. The fact is that one could 
superimpose many of the verrucae onto the lesions of granuloma an- 
nulare, for example, and differentiation of the verrucal material from 
the areas of cutaneous fibrinoid alteration would be impossible. It 
therefore appears that the fundamental interpretive discrepancy of 
those who believe in the thrombotic nature of the verrucae is that they 
ascribe the origin of the collagen in the verrucae—.e., the fibrinoid 
collagen “uncovered” by special stains—to the process of organization 
notwithstanding the unquestionable lack of evidence of organization 
in the foci in question in sections stained with hematoxylin and eosin. 

Some observers, in order to account for the argyrophilic fibers in 
fibrinoid material,'® maintain that serum may seep in through the sur- 
face and separate the collagenous fibers into thin fibrils, and that these 
fibrils by virtue of their thinness acquire an affinity for silver. The 
evidence from the current studies does not support this combination of 
assumptions. In the first place, serial sections reveal foci of degenerated 
collagen with argyrophilic fibers well within the valve and showing no 
continuity with the surface. Indeed, occasionally such degenerated 
areas are seen in valves with intact endothelium. It is hardly likely that 
serum from the cardiac chamber has soaked through an intact valve to 
collect as a pool within the body of that valve. Furthermore, there were 
found in the verrucae, degenerated collagenous fibers which were 
argyrophilic and yet were distinctly thicker than the fine collagenous 
fibers in the same sections that manifested no affinity for silver (Fig. 
17). In addition, there can be observed, in some of the verrucae, dense, 
compact masses of argyrophilic fibers which were tightly apposed and 
obviously not produced by a separation of pre-existing collagenous 
fibrils. Therefore, it would appear that the view that the argyrophilic 
fibers of verruca arise through cleavage of collagen by serum is not sup- 
portable. 
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In some cases, the degeneration of valvular collagen was accompanied 
by a cellular reaction; in others it was not. We are unable to agree 
that the absence of cellular reaction precludes the fibrinoid material 
being degenerated collagen.’® Witness, for example, the bland degen- 
eration of collagen within sclerotic valvular rings, sclerotic arteries, or 
within the collagenous capsule of a chronic tuberculous focus. In 
each of these sites there is frequently no noteworthy “exudative re- 
sponse” to the presence of appreciable degenerated collagen. 

The reason for the presence of a cellular response in some of the 
verrucae and not in others is not entirely clear. However, it would 
appear that some of the basic factors concerned are the degree of valvu- 
lar sclerosis, vascularity and cellularity preceding the formation of a 
verruca. That is to say, if a valve is thickened by dense nodules of 
practically acellular and avascular collagen, significant cellular re- 
sponse to an irritant is not to be anticipated. In much the same sense, 
there is less likely to be an exudative response to an irritant in a torpid, 
sclerotic, acellular, and avascular scar anywhere else in the body. 

The resistance of most of the verrucae to trypsin is additional evi- 
dence that the fibrinoid material of the verrucae is of a composition 
different from thrombi. This principle has been confirmed in a study 
of so-called mural thrombi of the aorta.’* Of further interest is the 
presence of myocytes and lipoid histiocytes in the verrucae (Figs. 9 and 
10). Anitschkow myocytes“ are easily recognized cells found only in 
the heart. If myocytes are found within a verruca, it is to be presumed 
that the latter arose from the valve since myocytes are not known to 
circulate within the blood stream. To be sure, this presumption may be 
somewhat countered by the objection that the myocytes may have 
migrated into the thrombus from the valve. However, there is no evi- 
dence for such migration inasmuch as myocytes have not been found in 
mural thrombi located, for example, in auricular appendages or ven- 
tricles. The presence of foam celis within the body of unorganized 
verrucae constitutes additional evidence for the valvular genesis of the 
lesions. Foam cells are frequently associated with degenerated collagen 
in the heart as well as other organs, sometimes in striking concentra- 
tions. However, this latter bit of evidence must remain merely pre- 
sumptive inasmuch as such cells are found occasionally within vascular 
and mural thrombi. 

As a final word in the accumulation of evidence against the throm- 
botic concept of verrucae, it is to be pointed out again that the velocity 
and momentum of the blood in the heart and arteries would seem to 
operate against the deposition of thrombi." '’ The factors of stasis, 
eddy currents, and a sluggish circulation with the pressure of venous 
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blood, more or less predispose to the deposition of thrombi. Such fac- 
tors are of concern in the auricular appendages in fibrillation, in the 
pockets of valves, or in the ventricles following infarction; but it would 
appear that they are reduced to relative insignificance along the auricu- 
lar surface of the mitral valve and the ventricular surface of the aortic 
valve—sites of verrucal formation—as the blood in the chambers cas- 
cades past these surfaces.’ 

In summary, we submit that the evidence is strongly in favor of the 
valvulogenic rather than the thrombogenic nature of the verrucae. 
This evidence is based on identification: (1) by special stains of much 
of the fibrinoid material as altered collagen; (2) by the relative resis- 
tance to trypsin of the fibrinoid material as contrasted with fibrin; (3) 
by the presence in the verrucae of myocardial Anitschkow myocytes 
and lipoid macrophages, the former never found in the peripheral blood 
or thrombi. These various contrasts between verrucae and thrombi 
obtain irrespective of their location, be it vein, artery, aorta, or cardiac 
chamber. However, there were found a few instances of verrucae com- 
posed essentially of serum, platelets and fibrin and a few blood cells, 
rather than primarily of altered collagen. It is our unproved impres- 
sion that even these are essentially coagula which are derived from 
the exudate of permeable or eroded valvular vessels and have clotted 
on the surface of the valve very much as plasma clots on abraded skin, 
or, to use a homely simile, as albumin coagulates on and adheres to the 
shell of an egg that has been cracked while in boiling water. 


Pathogenesis 


We are not certain why a portion of a valve undergoes degeneration 
and forms a verruca, but in searching for the possible agents we regard 
it as likely that several factors may be involved and that the phenome- 
non is the product of the effects of one or more of the following: (1) 
allergy; (2) vitamin C deficiency; (3) hemodynamic trauma to the 
valves; and (4) the existence of abnormally thickened, sclerotic valves. 

Allergy. Many investigators have repeatedly attributed the fibrinoid 
degeneration of collagen—especially the collagen of valves and ar- 
teries—to the effects of allergy."*** The fibrinoid change in many of 
the verrucae in our cases appears to be identical with that attributed to 
altered tissue reactivity. The nature of the allergens in these cases is 
not known, of course, although the possibility of bacterial proteins is a 
distinct one. At any rate, at least the adjuvant rdle of allergy in the 
production of fibrinoid degeneration is to be considered. This is not to 
say that all fibrinoid degeneration of the valves is on the basis of al- 
lergy. In many instances, the fibrinoid alteration seems to represent a 


DEGENERATIVE VERRUCAL ENDOCARDIOSIS 1039 


form of degeneration of valvular collagen in which allergy plays no 
conceivable réle. This is very likely true of the more markedly thick- 
ened sclerotic valves. Certainly, the following additional factors must 
be weighed and placed properly in the scheme as a whole. 

Vitamin C Deficiency. In recent years, emphasis on the relation- 
ship of vitamin C depletion to degeneration of collagen, especially of 
the collagen of cardiac valves, has been revived. Briefly, this associa- 
tion is suggested by the following evidence (although isolated data to 
the contrary have been recorded): first, the degeneration of collagen 
in various organs of scorbutic guinea-pigs; ** “* second, the fibrinoid 
valvular changes observed in scorbutic guinea-pigs; °°*" third, the 
positive relation of ascorbic acid to the formation of collagenous fibers 
in vitro and in vivo; ***° fourth, the evidence that vitamin C deficiency 
affects the cohesion of endothelial cells; *° fifth, the many observations 
that the collagenization of wounds is interfered with in vitamin C-defi- 
cient animals; ** and finally, the tendency toward depletion of vitamin 
C in patients with fevers, intestinal diseases, neoplasms, postoperative 
periods, etc.**** In accord with this evidence, many of our patients 
might be judged to have been deficient in vitamin C and to have been 
subject to the effect of such depletion as the evidence mentioned above 
might indicate. The reason for the absence of generalized collagenous 
alteration in our cases may have been due to the relatively minor de- 
gree of depletion of vitamins and to the selective predisposition of the 
valves to such alteration.’ It is conceivable that other dietary defi- 
ciencies may play a part, but, as with vitamin C deficiency, it is likely 
that their damage is wrought in an important measure by abetting 
the degeneration of valvular collagen. 

Hemodynamics and Sclerotic Valves. Probably a great factor in the 
predisposition of the valves to degeneration as compared with collagen 
elsewhere lies in their strategic situation which allows concentration of 
the continual hemodynamic impact by the blood stream against the 
valves. This selective “hemodynamic pounding” constitutes, in our 
opinion, the third and, as a rule, the principal factor in the degeneration 
of valvular collagen. The details of the dynamics are judged to be 
quite the same as those described previously in the explanation for the 
localization of vegetations of bacterial endocarditis.” ?° In brief, a 
“line of closure” of a previously thickened valve—and the valves on 
which verrucae are found are usually thickened by fibrosis—is par- 
ticularly predisposed to the systolic impact of the blood stream because 
it tends to obstruct rather than to “give way” with the stream. In 
addition, this site offers great frictional resistance to the current in 
proportion to the degree of stenosis. The contact of the so-called line 
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of closure with the current of blood is further enhanced as the regurgi- 
tant stream returns through the incompetent valve. The generally ac- 
cepted explanation for the localization of lesions at the “line of closure” 
is that this site is traumatized as the cusps slap shut. However, it is 
germane to point out that if a valve is stenotic, the cusps are simply 
unable to impinge against each other; rather, the blood impinges 
against the cusps.* 

It is obviously hazardous in a particular case to presume to estimate 
which one of the four factors or what combination of factors operated 
to produce the lesion. However, it seems not unreasonable that a ver- 
ruca which has provoked cellular exudation and proliferation at its 
base and occurs in a thin or only slightly thickened valve is more likely 
to be the result of a hyperergic reaction than a bland verruca occurring 
in a markedly sclerotic valve. In the latter instance, hemodynamics are 
much more apt to have played the principal role. 


Nomenclature 


These verrucae have hitherto been regarded as terminal endocarditis, 
nonbacterial thrombotic endocarditis, marantic thrombosis, etc. In the 
current study, it has been shown that the lesions occur during acute as 
well as chronic illnesses, in the young as well as the aged, in the well 
nourished and in the marantic. In other words, the evidence indicates 
that the lesion may occur in a variety of illnesses which the patient may 
survive for years, presumably with subsequent healing of any verrucae 
that may have formed during the illness. Therefore, the designations 
“terminal” and “marantic” are unjustified. Furthermore, it appears 
quite possible that bacterial proteins may play a role in the produc- 
tion of the lesion, so that the qualification “‘nonbacterial” may not be 
strictly accurate, although it is understood that the term implies the 
absence of bacteria within the verrucae. In addition, evidence against 
the thrombotic nature of the lesion has been presented herewith so that, 
in our opinion, the designation “thrombotic” is inapplicable. Finally, 
because it appears to us that valvular degeneration rather than inflam- 
mation is generally the major element in the formation of these ver- 
rucae, we should prefer to consider them as primarily degenerative 
rather than inflammatory. 

Therefore, the term “degenerative verrucal endocardiosis” * is pro- 


* Because of the prevalent misunderstanding of the complete meaning of the suffix 
“osis,” the following definition is quoted from Webster’s New International Dictionary 
oj the English Language, ed. 2, unabridged. G. and C. Merriam Co., Springfield, Mass., 
1938, p. 1726: 

-osis; pl.-oses. [fr. Gr.-osis, as in metamorphosis] A suffix signifying: 

1. a. Condition, state, process, and the like, as in hypnosis, psychosis, osmosis; specif., 
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posed to designate a nonspecific endocardial alteration, verrucal in ap- 
pearance when fully developed, and occurring in association with a 
great variety of diseases, both acute and chronic, including those clini- 
cal entities designated by Gross and Friedberg” as “nonbacterial 
thrombotic endocarditis.”” The verrucae in this latter condition are con- 
sidered to be as nonspecific a component of the morphologic picture as 
is leukocytosis, for example, in many clinical syndromes. 


Differentiation of Degenerative Verrucal Endocardiosis from Acute, 
Recurrent, Rheumatic Valvulitis 


It is to be pointed out that inasmuch as the lesions of degenerative 
verrucal endocardiosis are prone to occur on valves fibroblastically 
thickened by rheumatic infection, the nonspecific verruca may erro- 
neously be regarded as evidence of an acute exacerbation of a chronic 
rheumatic valvulitis. It may be impossible to establish the diagnosis 
by gross inspection. The differential diagnosis may be further compli- 
cated by the observation of palisaded histiocytes at the base of the 
verruca. This pattern of cellular proliferation is regarded as charac- 
teristic of the rheumatic lesion by Leary.”* However, the observations 
made in the current study support those of Jaffé ** who indicated that 
palisading of histiocytes may occur in nonspecific lesions. The absence 
of Aschoff bodies and of a diffuse interstitial valvulitis or, at the least, 
of a diffuse cellular reaction along much of the valvular surfaces, par- 
ticularly the spongiosal surface, serves to differentiate degenerative 
verrucal endocardiosis from acute rheumatic valvulitis. 


Differentiation of Degenerative Verrucal Endocardiosis from Bacterial 
Endocarditis and Atypical Verrucous Endocarditis 


Grossly, a small proportion of the lesions, especially those of the 
multiverrucal type (Figs. 3 and 4), may simulate acute or subacute 
bacterial endocarditis. A clue to the diagnosis may be offered in the 
usually greater irregularity of the vegetations of bacterial endocarditis. 
The diagnosis must not rest on the culture, ¢c.g., of Streptococcus viri- 
dans, or of an enterococcus from the lesions, inasmuch as such organ- 
isms may be recovered incidentally from cultures of normal valves in 
a significantly high percentage of cases.** The diagnosis must be estab- 
lished on the basis of the histologic picture with the weight being given 


in pathology, abnormal or diseased condition, as in melanosis, stenosis, varicosis, etc. 
b. A physiological increase or formation (of something specified), as in chylosis, 
leukocytosis, etc. 
2. In plant pathology, a disease of which a (specified) fungus is the causal agent; a 
mycosis; as in chytridiosis. 

Hence, endocardiosis signifies a disease of the endocardium. 
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particularly to the presence of a destructive or suppurative valvulitis ™ 
and of colonies of bacteria rather than an isolated bacterium here and 
there. 

An even more difficult problem is the differentiation of the few cases 
of large multiverrucal lesions of degenerative endocardiosis from those 
of atypical verrucous endocarditis (Libman-Sacks disease, disseminated 
lupus erythematosus). It may be quite impossible to establish the 
diagnosis grossly in these instances. Indeed, some of the verrucae of 
Libman-Sacks disease may be indistinguishable from those of de- 
generative endocardiosis. As a rule, however, the differentiation may 
be made by the characteristic interstitial valvulitis and the associated, 
practically pathognomonic changes in the collagen, especially of the 
kidney, heart and spleen, which have been recently described in detail.” 


Relationship of Degenerative Verrucal Endocardiosis to 
Bacterial Endocarditis 


We regard the lesions of degenerative verrucal valvulosis as one of 
the basic morphologic events in the development of bacterial endocardi- 
tis. The fibrinoid material, with certain limitations,® appears to be an 
attractive medium for the ensnaring and propagation of bacteria pres- 
ent in the general circulation. In principle, this is essentially the point 
of view of Grant, Wood and Jones,* who, however, hold the underlying 
lesion to be a simple thrombus. We feel that the same hemodynamic 
factors, in large measure responsible for the localization of the initial 
verruca, operate to bring circulating bacteria in contact with the 
verruca.” *° It is our belief that identical principles are concerned in 
the superimposition of bacteria onto the verrucae of acute rheumatic 
endocarditis as well as atypical endocarditis (Libman-Sacks disease, 
disseminated lupus erythematosus). The affinity of the lesions of 
atypical verrucous endocarditis for bacteria is strikingly illustrated in 
the occurrence of bacterial endocarditis in fully one-third of the 12 
cases described by Klemperer, Pollack and Baehr.’* In other words, 
the verruca of both the specific and nonspecific variety is prone to be- 
come a nidus of bacterial proliferation. The details of the evidence for 
this concept are considered separately.® 


Healed Lesions of Degenerative Verrucal Endocardiosis 


Finally, the evidence indicates that the lesions of degenerative verru- 
cal endocardiosis may heal by fibrosis if the patient survives the illness 
during which the valvular alteration occurred. As might be expected, 
it is impossible to distinguish the healed verruca of acute rheumatic 
disease from that of degenerative endocardiosis. In both instances, the 
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healed lesion seems to take the form of fibrous tabs such as Lamblian 
excrescences attached to the corpora arantii or the adjacent ridge of 
semilunar valves. Similar fibrous prongs may occur on the auriculo- 
ventricular valves (Fig. 12), or they may take the form of small, 
smooth nodules or bulbous thickening near the edges of these valves. 
Such focal fibrous nodules occurring on nonrheumatic valves have been 
hitherto regarded generally as “senile” or “tension thickenings.” It 
would seem more reasonable, in the light of findings herein presented, 
to classify them as healed stages of degenerative verrucal endocardiosis. 


SUMMARY AND CONCLUSIONS 


1. Fifty cases of so-called “terminal endocarditis” or “nonbacterial 
thrombotic endocarditis” were studied. 

2. The valvular lesions of “terminal endocarditis” are characteristi- 
cally hillocks of degenerated, swollen, valvular collagen, occasionally 
with an admixture of varying amounts of serum, fibrin, platelets and 


blood cells derived from permeable or eroded vessels of the valves. 


They are not regarded as thrombi deposited onto the valves from the 
blood within the cardiac chambers, contrary to the generally held im- 
pression. 

3. It is believed that the lesions are not necessarily “terminal” and 
that they may occur during the course of a variety of acute and chronic 
illnesses, many of which are survived with consequent healing of the 
valvular lesion. 

4. The healed lesion, of which the Lamblian excrescence is an ex- 
ample, takes the form of a fibrous tab or nodule, or slight bulbous 
collagenous thickening near the free edge of the valve (so-called 
“senile” or “tension thickening”). The healed lesion, by virtue of its 
projection and consequent hemodynamic disadvantages, is, in turn, 
prone to undergo recurrent degeneration. 

5. The active lesions are, as a rule, primarily degenerative rather 
than inflammatory. 

6. It is suggested that such names as “terminal endocarditis” or 
“nonbacterial thrombotic endocarditis” are not applicable. The non- 
specific term, “degenerative verrucal endocardiosis,” is offered as being 
more in keeping with the available knowledge of the lesion. 

7. Allergy, vitamin C deficiency, hemodynamic stresses and valvular 
sclerosis, alone or in combination, may be concerned in the pathogene- 
sis of this nonspecific lesion. 

8. Differentiation from acute and recurrent rheumatic valvulitis, 
bacterial endocarditis, and atypical verrucous endocarditis is usually 
possible. Gross and microscopic structure, bacterial content, and the 


‘ 
4 


1044 ALLEN AND SIROTA 


concomitant valvular and extravalvular cardiac lesions must be con- 
sidered in establishing differentiation. 

g. The lesions of degenerative verrucal endocardiosis constitute an 
important morphologic basis for the development of bacterial endo- 


carditis. 
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PLATE 188 


(Figures 1 to 4 illustrate the wide range of patterns assumed by the verrucae 


of degenerative verrucal endocardiosis.) 
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1. The most common form of degenerative verrucal endocardiosis—the ‘‘small, 
univerrucal” type. The intervening small nodules are possibly the healed, fi- 
brous residuum of verrucae. 


2. The “large, univerrucal” type of degenerative verrucal endocardiosis occur- 
ring in aortic valves showing evidence of old rheumatic inflammation. This 
lesion is to be differentiated from bacterial endocarditis by histologic examina- 
tion. 


3. “Large, multiverrucal” form of degenerative verrucal endocardiosis. From 
the eroded area of endocardium a verruca had been removed manually. (See 
Fig. 7 for histologic section.) 


4. An unusual example of the “large, multiverrucal” type. This and the 
preceding form require study of histologic sections for definite differentiation 
from bacterial endocarditis. 


5. Lamblian excrescences of aortic valves. These projections from the region 
of the corpora arantii are regarded as the healed, fibrous stage of verrucae of 
either degenerative endocardiosis or acute rheumatic valvulitis. The lesions 
are particularly prone to recurrent degenerative changes because of their ex- 
posure to the impact of the blood stream. Very small dentate verrucae may be 
seen along the valvular ridge. Similar excrescences occur on the mitral and tri- 
cuspid valves (see Fig. 12). 


6. Lamblian excrescences of aortic valves. 
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7. Section of the ‘exudative’ type of degenerative verrucal endocardiosis 
illustrating the moderate increase in swollen, hyperchromatic histiocytes at the 
base of the lesion. Section taken from heart illustrated in Figure 3. Hema- 
toxylin and eosin stain. X 100. 


8. Section of “exudative” type of degenerative verrucal endocardiosis illus- 
trating the extreme degree of reaction observed. This extensive reaction is 
seen rarely and only in the “exudative” type of lesions, as shown in Figures 3 
and 4. The lesion simulates rheumatic valvulitis but is distinguished by the 
absence of interstitial valvulitis and of Aschoff bodies. Hematoxylin and eosin 
stain. X 100. 


g. Section of a verruca of degenerative endocardiosis illustrating Anitschkow 
myocytes (see arrows) in the midst of the fibrinoid material. These cells are 
not found in cardiac mural or vascular thrombi. Hematoxylin and eosin stain. 
X 500. 

10. Section of a verruca of degenerative endocardiosis illustrating the large 
foam cells. Hematoxylin and eosin stain. XX 600. 


11. Low-power view of Figure 10. Foam cells are seen throughout the verruca. 
Hematoxylin and eosin stain. X 16. 


12. Section of fibrous tabs on mitral valve. These are analogous to the 
Lamblian excrescences of the aortic valves and are regarded as the healed 
lesion of degenerative verrucal endocardiosis. Hematoxylin and eosin stain. 


X 30. 


A 


11 


Al 


1048 


AwertcaN JoURNAL OF PatHotocy. Vor. XX PLaTE 189 


7 
9 
2 
11 
Allen and Sirota Degenerative Verrucal Endocardiosis 


1049 


te 
ps 


Fic. 


Fic. 


PLATE 190 


13. Section illustrating the pre-verrucal stage of degenerative endocardiosis. 
The lesion is obviously a valvular degeneration although the left half of it 


superficially simulates a thrombotic deposit. Hematoxylin and eosin stain. 


X 125. 


14. Section illustrating a more advanced stage of verrucal formation. The al- 
tered valvular fibrous tissue has swelled to form the irregular knobs of verrucae. 
There is absence of cellular reaction. This is the “degenerative” type and 
represents the usual picture of degenerative endocardiosis. Hematoxylin and 
eosin stain. XX 100. 
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15. Section of granuloma annulare of the skin showing the characteristic 
periphery of palisaded histiocytes about a core of fibrinoid material that is, 
without question, altered collagen. Hematoxylin and eosin stain. 260. 


16. Section illustrating reticulin in an organizing, mural thrombus. The orderly 
tracery of argyrophilic fibers contrasts with the irregular pattern in the ver- 
ruca shown in Figure 17. Silver stain. XX 200. 


17. Section of a verruca of degenerative endocardiosis. The haphazard ar- 
rangement of disrupted, anuclear argyrophilic fibers obviously indicates 
destruction of collagen rather than the organization of a thrombus. There is 
continuity of the fibers into the homogeneous, platelet-like mass, the latter 
representing for the most part the more markedly altered collagen. The thick- 
ness of the argyrophilic fibers contrasts with the fine reticulin of organizing 
thrombi (Fig. 16). There is an absence of associated fibroblasts. Silver stain. 
X 200. 
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Fic. 18. Section of a verruca of acute rheumatic valvulitis to illustrate the simi- 


Fic. 


larity in morphogenesis of the verrucae of degenerative endocardiosis and of 
acute rheumatic valvulitis. The outpouching of the verruca from the valve is 
well shown and is strongly suggestive evidence against the view that verrucae 
are thrombotic deposits. > 200. 


1g. Section illustrating recurrent degenerative endocardiosis within a healed 
verruca. The darker periphery is degenerated collagen—not a thrombotic de- 
posit. Hematoxylin and eosin stain. X 100. 
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CHRONIC GRANULOMA ASSOCIATED WITH PERIARTERITIS NODOSA 
REPORT OF A CASE WITH RENAL FAILURE * 


Stuart Linpsay, M.D., P. M. AcceLer, M.D., and S. P. Lucia, M.D. 


(From the Divisions of Pathology and Preventive Medicine, University of California 
Medical School, San Francisco, Calif.) 


The original descriptions of periarteritis nodosa were made by Von 
Rokitansky’ and Kussmaul and Maier.” Reviewing the literature 
prior to 1938, Harris, Lynch and O’Hare * found more than 300 cases 
recorded, and of these 1o1 were in English publications. From the 
nature of the case reports, it is evident that the disease is one of protean 
character. Its widespread manifestations can be explained by diffuse 
involvement of the arterial system with secondary changes in the 
tissues supplied by the altered blood vessels. The more common clinical 
features and the pathologic findings have been carefully studied and 
described.” * A consideration of the etiologic factors and a discussion 
of recent researches on the experimental production in rabbits of vas- 
cular lesions identical with those seen in the human form of the 
disease have been reported by Rich * and by Rich and Gregory.*° 

The tissue changes secondary to arterial lesions include ischemia, 
edema, atrophy, hemorrhage, inflammatory infiltration, infarction, ne- 
crosis and fibrosis.‘ There are, however, few descriptions in the litera- 
ture of widespread granulomatous lesions associated with periarteritis 
nodosa. In 3 out of 4 cases studied, Neumann ® described a peculiar 
granulomatous reaction containing eosinophils, multinucleated giant 
cells and zones of radiating necrosis. These lesions were present in 
the mediastinal tissues, the heart and the kidneys. One of the cases 
presented by Banowitch, Polayes and Charet ° was that of a woman, 35 
years old, who had an extensive granulomatous lesion involving the 
mediastinum, associated with granulomatous foci in many other organs. 
These lesions consisted of zones of necrosis, fibroblastic proliferation, 
multinucleated giant cells and cells resembling epithelioid cells. 

Because of the nature of the granulomatous reaction which may oc- 
cur in periarteritis nodosa, the latter should be considered in the differ- 
ential diagnosis of any chronic granulomatous disease. 

The present report concerns an unusual case of the granulomatous 
variety of periarteritis nodosa with extensive involvement of the kidney 
producing marked renal insufficiency and death. 


REPORT OF CASE 


Clinical History. A.H., no. U-67980, a married white woman, 67 years old, was 
first seen on December 27, 1940. One year before entry she had noted a painless 
depression on the bridge of her nose and since then had experienced marked crust- 


* Received for publication, January 26, 1944. 
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ing of the nasal mucous membrane and occasional slight epistaxis. She complained 
of progressive weakness and had lost 27 pounds in weight (56.8 to 44.5 kg.). On 
many occasions fever of 100° to 101° F. (37.8° to 38.3° C.) was noted. For the 
past 8 months she had complained of a slight cough with a moderate amount of 
sputum. Five months before entry she had had an attack of acute parotitis and 
swelling of the anterior cervical lymph nodes. Examination of one of the parotid 
glands by biopsy showed “no evidence of malignancy.” Three months later the 
abdomen was explored under general anesthesia. The gallbladder and a small 
“congenital cyst” of the liver were removed. Histologic examination of the gall- 
bladder revealed “chronic cholecystitis.” Blood counts during the 5 months pre- 
ceding entry showed a moderate leukocytosis and a gradually progressing hypo- 
chromic microcytic anemia, which did not respond to treatment with iron or liver. 
Numerous urinalyses were reported as normal. Roentgenograms of the nose demon- 
strated that the “saddle” deformity was caused by destruction of cartilage, the 
nasal bones remaining intact. Roentgenograms of the chest demonstrated very dense 
hilar shadows with some calcifications in the lymph nodes. Unusually prominent 
bronchial markings had suggested the presence of interstitial fibrosis. 

Physical Examination, The patient was an alert, emaciated, white woman. Tem- 
perature, 97.6° F.; pulse, 84 per minute; blood pressure, 155/75 mm. of Hg; 
height, 166 cm.; weight, 99 lbs. (45 kg.). There was marked wasting of the mus- 
culature and subcutaneous tissues. The skin was pale and dry. The scalp was 
normal; the hair was thin and gray. There were a few small, shotty cervical lymph 
nodes. The pupils were equal and regular and reacted normally to light and in ac- 
commodation. Extra-ocular movements were normal. The retinal arterioles were 
diffusely narrowed and two small “cotton wool” patches were observed above the 
right optic disk. The ears and mouth were normal. There was a “saddle deformity” 
of the nose. The septum was intact, but depressed anteriorly. The nasal mucous 
membrane was thin and atrophic, and an adherent crusted discharge was present. 
The thyroid gland was not palpable. The breasts were small, flat and atrophic. The 
lungs were clear. The heart was not enlarged. An apical systolic murmur was pres- 
ent. The abdomen was scaphoid; none of the abdominal organs were palpably en- 
larged, and there was a healed right upper rectus scar. Examinations of the pelvis, 
rectum, nervous system, back and extremities revealed nothing abnormal. 

Laboratory Examination. Examination of the blood gave the following data: 
hemoglobin, 46 per cent (6.3 gm.); erythrocytes, 2.5 million per cmm.; packed 
cell volume, 20; platelets, 360,000 per cmm.; leukocytes, 13,400 per cmm.; neu- 
trophils, 89 per cent (filamented, 72 per cent; nonfilamented, 17 per cent); eosino- 
phils, 3 per cent; lymphocytes, 8 per cent; icterus index, 5; corrected sedimenta- 
tion rate, 24 mm. per hour (Wintrobe). Differential cell counts of bone marrow 
pulp obtained by sternal puncture showed normal maturation of the myelopoietic 
series and slight suppression of activity of the erythropoietic series. Blood culture 
and cultures of urine obtained from each kidney showed no growth. Agglutination 
tests with Bacillus typhosus, B. paratyphosus A and B, Brucella abortus and Bacillus 
tularensis antigens were negative. Tuberculin (1:1000) skin test was negative. 
Chemical investigation of the blood showed: total serum proteins, 7.53 gm. per 
cent; albumin, 3.56 gm. per cent; globulin, 3.97 gm. per cent; serum calcium, 10.5 
mg. per cent; serum phosphorus, 5.64 mg. per cent; plasma phosphatase, 8.12 mg. 
of phosphorus by method of Kay and Jenner!” (normal, 4 to 7 mg.); plasma 
fibrinogen, 1.25 per cent; nonprotein nitrogen, 75 mg. per cent on January 5, 1941, 
102 mg. per cent on January 18; creatinine, 2.7 mg. per cent on January 5, 2.91 mg. 
per cent on January 18. Blood indican and xanthoprotein reactions were negative. 
Kolmer and Kahn tests of the blood were negative. The urine was clear and yellow; 
pH, 5.0; specific gravity, 1.008; faint trace of albumin; sugar, none; occasional 
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granular casts. The Mosenthal test gave: total day urine, 835 cc.; total night urine, 
580 cc.; maximum variation in specific gravity, 0.002. Esbach determination of al- 
bumin in the urine indicated 0.8 gm. per liter. With the phenolsulfonphthalein test 
there was 10 per cent excretion of the dye in 2 hours. An Addis count (12 hour 
test) gave: erythrocytes, 370,000; casts (all granular), 80,000; leukocytes and epi- 
thelial cells, 10,500,000. Roentgenograms of the chest revealed considerable calcifi- 
cation of the aorta. There was over-aeration and fibrosis of both lung fields. The 
cardiac silhouette was within normal limits. 

Course. The temperature varied between 96.0° and 102.5° F. (36.4 to 39.2° C.), 
the pulse between 80 and 130 per minute and the blood pressure between 155/95 
and 105/55. The course of the illness was short; the patient gradually lapsed into 
coma and expired on January 24, 1941, approximately 1 month after entry to the 
hospital. A clinical diagnosis of sarcoidosis was made. 


Gross Examination 


Autopsy was performed 30 minutes after death. Rigor mortis and 
post-mortem lividity had not appeared. A urinogenous odor was noted 
when the peritoneal cavity was opened. The latter was normal in ap- 
pearance except for the presence of firm, fibrous adhesions in the right 
subhepatic region. The gallbladder was absent. The pleural cavities 
were normal. There were several firm, fibrous adhesive bands joining 
the pericardium to the apex and to the anterior left ventricular surface 
of the heart. The mediastinum was normal in all respects. 

The heart weighed 245 gm. It was small and soft. The myocardium, 
endocardium, heart valves and coronary blood vessels were normal. 
The right lung weighed 400 gm., and the left, 380 gm. There was slight 
congestion of both lower lobes and a seropurulent exudate was present 
within the bronchioles of the right lung. The hilar and mediastinal 
lymph nodes appeared unaltered. 

The liver weighed 1080 gm. There were adhesions on its under sur- 
face. The cut surface was normal. The common duct was dilated but 
not obstructed, and measured 8 mm. in diameter. The spleen weighed 
140 gm.; the cut surface was light purple; it appeared moderately 
hyperplastic. 

The right kidney weighed 175 gm. and the left, 180 gm. They pre- 
sented essentially the same appearance. The capsule was firm, white, 
fibrous and measured 1.5 mm. in thickness. The capsule was not ad- 
herent to the perirenal fat and could be easily stripped from the cortical 
surface of the kidney (Fig. 1). The surface of the kidney was smooth 
and showed only a few depressions which appeared to be the remains 
of fetal lobulations. The cut surface showed a clear differentiation be- 
tween the cortex and medulla (Fig. 2). The average thickness of the 
cortex was 0.5 cm. It was extremely firm, fibrous and light yellow. The 
pyramids were of normal size and light pink, but were poorly striated. 


j 
‘ia 
a 
4 


1060 LINDSAY, AGGELER AND LUCIA 


There were no scars, infarcts, hemorrhages, or nodules present. The 
renal pelves, blood vessels, ureters and bladder were grossly normal. 

The gastro-enteric tract presented no abnormalities. The internal 
genitalia were atrophic. The aorta was atherosclerotic and partially 
calcified. The vena cava and iliac vessels were not altered. 

The thyroid gland was normal in appearance. The adrenal glands 
were small, the right weighing 4.2 gm. and the left, 2.8 gm. The pitui- 
tary gland was normal in size, but contained in its anterior lobe a cyst 
(filled with clear yellow fluid) which measured 0.5 cm. in diameter. 
The only lymph nodes of note were a group lying adjacent to the 
celiac axis. They measured approximately 1.5 by 1.0 by 0.5 cm.; the 
cut surfaces were normal. The brain weighed 1300 gm. and was normal 
except for minimal atherosclerotic changes in those vessels comprising 
the circle of Willis. 


Microscopic Examination 


Only those tissues involved in the granulomatous process will be 
described in detail. Other findings of note included bilateral pulmonary 
congestion, and bronchopneumonia of the right lower lobe. There was 
atherosclerosis of the aorta, coronary arteries, and mitral and aortic 
valves. 

The most striking alterations were seen in the kidneys. The markedly 
thickened capsule was composed of dense, hyalinized fibrous tissue, 
which, with the perirenal fat, was moderately infiltrated with lympho- 
cytes and a few plasma cells, usually arranged around blood vessels 
(Fig. 3). Practically the entire renal cortical structure, including 
glomeruli and tubules, was replaced by moderately cellular fibrous 
tissue, which was densely infiltrated with plasma cells, lymphocytes, 
and neutrophilic and eosinophilic leukocytes (Fig. 4). The fibrous 
connective tissue was more abundant in and around the glomeruli. 

Few glomeruli were normal; many were entirely replaced by hyalin- 
ized fibrous tissue with obliteration of the glomerular space. A few 
retained small centrally placed glomerular tufts or vascular channels, 
while others either contained a small central collection of neutrophilic 
leukocytes or were extensively infiltrated with these cells. Some glo- 
meruli contained small masses of hyaline fibrin, either deposited in glo- 
merular tufts or between the glomerular capsule and the capsular 
epithelium. Other glomeruli were altered by shrinkage, partial hyalini- 
zation or pericapsular fibrosis. 

The few tubules remaining in the fibrotic cortical zone occurred 
singly or in scattered groups. The convoluted tubules were dilated and 
hypertrophied, and showed cloudy swelling and minimal fatty degenera- 
tion of their lining cells. The solitary tubules were lined by flattened 
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atrophic epithelium and contained colloid, purulent material, or a com- 
bination of the two. The tubules became more numerous toward the 
medullary portion of the kidney; the collecting tubules in the renal 
pyramids were normal, although the interstitial fibrous tissue in this 
region was abundant, hyalinized and slightly infiltrated with lympho- 
cytes, neutrophilic leukocytes and plasma cells. Toward the pelvis, 
the inflammatory reaction was minimal. 

The altered renal cortex was quite avascular. The few small arteries 
and arterioles present appeared normal. The larger arteries (arciform) 
of the corticomedullary region presented a subintimal proliferation of 
fibrous tissue with secondary hyaline degeneration. There was thick- 
ening, irregularity and reduplication of the internal elastic membrane. 
The external elastic membrane was thick and well defined. Evidences 
of active arteritis were absent. 

The epidermal layer of the nasal mucous membrane was atrophic. 
The submucosa was fibrotic, almost avascular and densely infiltrated 
with neutrophilic leukocytes, lymphocytes, macrophages and plasma 
cells. In the deeper layer of the submucosa was a large artery having 
a thick, almost ace'lular, hyalinized fibrous tissue wall (Fig. 5). The 
lumen was represented by a narrow, endothelium-lined cleft which was 
surrounded by a folded, hyalinized, fragmented, elastic tissue mem- 
brane. Inflammatory cells were present at the periphery but not within 
the wall of the vessel. 

The entire posterior lobe and part of the intermediate and anterior 
lobes of the pituitary gland were involved in a granulomatous process 
composed of fibrous tissue, densely infiltrated with the same varieties 
of inflammatory cells as were present in the kidneys (Fig. 6). The 
neutrophilic leukocytes were grouped in small, rounded foci. In the 
less involved portions of the posterior lobe and in the capsule, the in- 
flammatory cells were distributed in a perivascular arrangement. The 
majority of the blood vessels were not altered. A few presented mild 
edema of the media. 

Re-examination of the specimen of the parotid gland obtained 5 
months before death showed diffuse replacement of the glandular tissue 
and interlobular fat by cellular fibrous tissue, infiltrated with plasma 
cells, lymphocytes, and smaller numbers of neutrophilic and eosino- 
philic leukocytes (Fig. 7). Some of the ducts and acini showed epi- 
thelial degeneration and desquamation and contained a few inflamma- 
tory cells. Minimal hyaline thickening was the only alteration noted in 
the few blood vessels present. 

Microscopic examination of the liver at autopsy showed it to be 
essentially normal. The portions removed surgically 2 months before 
death contained a longitudinal segment of a large vascular channel. Be- 
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cause of its large diameter and location at the anterior edge of the liver, 
this structure undoubtedly represented a small aneurysm. The vessel 
was partially lined by a layer of low cuboidal endothelial cells; one 
segment was completely occluded by dense hyalinized connective tissue 
and presented a folded, dense, eosinophilic wall. An adjacent portion 
was partially occluded by loosely arranged, newly formed, cellular 
fibrous tissue containing many inflammatory cells, including lipoid- 
filled macrophages. The vessel wall consisted of a thick layer of 
hyalinized fibrous tissue which contained the remaining irregular frag- 
ments of the elastic membrane, and a mild infiltration of lymphocytes 
and neutrophilic leukocytes. The vasa vasorum were partially or com- 
pletely occluded by connective tissue and had perivascular collars of 
lymphocytes and neutrophilic leukocytes. A large blood vessel in the 
adjacent parenchyma was the site of an active inflammatory process 
with a diffuse infiltration of the vessel wall by lymphocytes, plasma 
cells, and neutrophilic and eosinophilic leukocytes ( Fig. 8). The lumen 
was represented by a small, endothelium-lined cleft surrounded by 
large, young fibroblasts, acute inflammatory cells and small masses of 
fibrin. 

All tissues involved in the granulomatous process were stained with 
the Glynn modification of the Gram stain, Ziehl-Neelsen carbolfuchsin 
and the Levaditi stains. No acid-fast organisms or spirochetes were 
found in any of the sections. Thorough search was made for Histo- 
plasma capsulatum with negative results. In the submucosa of the 
nasal mucous membrane there were numerous gram-positive cocci in 
groups and in short chains, and a few short gram-negative bacilli. 
Bacteria were not observed elsewhere. 


SUMMARY 


The case presented is that of a woman, 67 years old, who had sut- 
fered for almost a year from weakness, fever, anemia, weight loss, 
cough, sputum, and crusting of the nasal mucous membranes, and whose 
death was due to renal insufficiency. During the course of her illness 
she developed transient swelling of the parotid glands and anterior 
cervical lymph nodes. She was found to have atrophic rhinitis with 
a “saddle” deformity of the nose. The retinal arterioles were narrowed 
and several small patches of ‘“‘cotton wool” exudate were observed. The 
blood pressure was not elevated and no symptoms of renal insufficiency 
were present until uremia supervened late in the course of the disease. 
However, tests of renal function during the last month of the patient’s 
illness showed azotemia, hyposthenuria, slight albuminuria and marked 
impairment of excretory function. The Addis count showed only a 
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slight increase in granular casts, leukocytes and epithelial cells, and the 
xanthoprotein and indican reactions curiously were negative. At au- 
topsy there was found a chronic granulomatous inflammatory 
process, which had practically replaced all of the functional renal corti- 
cal parenchyma and had likewise involved the nasal cartilage and 
septum, the posterior lobe of the pituitary gland, the parotid gland and 
a small portion of the liver. Numerous vascular lesions corresponding 
to periarteritis nodosa were found, the majority of which were histologi- 
cally healed. The renal vessels, a nasal artery and most of the 
glomeruli showed evidences of a healed process. In a few glomeruli 
there was active glomerulitis. Active arteritis with aneurysm formation 
was demonstrated in tissue taken for biopsy from the liver 2 months 


before death. 
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DESCRIPTION OF PLATES 


PLATE 193 


Fic. 1. External surface of left kidney demonstrating the thickened capsule and 
the smooth cortical surface after stripping. X 3/5. 


Fic. 2. Cut surface of left kidney showing pallor of cortex with well preserved 
corticomedullary differentiation. 3/5. 
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PLATE 194 


Fic. 3. Thickened renal capsule with adjacent cortex. Hematoxylin and eosin 
stain. X 120. 


Fic. 4. Renal cortex, demonstrating replacement of glomeruli and tubules by the 
chronic granulomatous reaction. Hematoxylin and eosin stain. X 120. 
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PLATE 195 


5. Thickened artery in the submucosa of the anterior nasal cavity. The 
internal elastic membrane is present. Weigert’s elastic tissue and van Gieson’s 


stains. X 120. 


6. Posterior lobe of pituitary gland, with replacement of the normal glial 
structure by chronic inflammatory tissue. Hematoxylin and eosin stain. X 300. 
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PLATE 196 


Fic. 7. Parotid gland, showing replacement of most of the glandular tissue by 
fibrous tissue and inflammatory cells. Hematoxylin and eosin stain. X 300. 


Fic. 8. Section of an hepatic artery near the small aneurysm, showing destruction 
of the vessel wall and replacement by connective tissue and inflammatory cells. 


Hematoxylin and eosin stain. X 120. 
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